An operational definition of backscattering cross section is developed for the wideband reception of finite echo•. This is supported by relative measurements on a set of copper spheres by each of four echo soundera operating at frequencies from 38 to 120 kHz. Experiential and theoretical arguments are advanced for the superiority of commercial, electrical-grade copper in the application. An optimization problem for determining the sphere size is then formulated, and solved for the ease of calihration of a 38 kHz echo sounder by a sphere of the described material. The solution: that the copper sphere diameter be 60.00 ram, is tested through a variety of measurements. These demonstrate an accuracy of 0.1 dB. The further exercise of theory indicates the feasibility of precision calibration of diverse hydroacoustic equipment by copper spheres over most of the kilohertz frequency range.
INTRODUCTION
Advantages of passive, spherically symmetric targets for calibrating hydroacoustic equipment are wellknown.
• Examples include ping-pong balls,a,s glass4, s and plastic s spheres, and both hollow • and solid s, 6 metal spheres. These have been problematical for reasons of fragility, difficulty of suspension or fabrication, unknown effect of fabrication on acoustic properties, or sensitivity of these to measurement conditions. Recently, tungsten carbide spheres were proposed as reference targets for scattering measurements in the laboratory. 6 It may be presumed from the detailed knowledge of the differential frequency response function displayed in Ref. 6 that both hydrophones and transducers may be calibrated by such spheres, if sufficiently short pulses are used.
What has generally not been appreciated is that elastic spheres can also be used for the precision calibration of more complicated hydroacoustic equipment, such as sonars, echo sounders, and echo integrators, outside of the laboratory and without having to operate at very short pulse lengths.
It is the present aim to justify the broader application of elastic spheres in calibration work. Theory is necessarily extended to the general case of wideband reception of finite echoes. This is supported by a series of relative measurements, which additionally witness to the excellence of copper for precision calibration spheres. An optimization problem for determining the diameter is then formulated, and solved for a sphere of commercial, electrical-grade copper to be used in calibrating a 38 kHz echo sounder.
The correctness of the solution is demonstrated by a number of independent, absolute measurements of the effective backscattering cross section. by' the noted application of polycrystalline theory.
Recalculation of the effective backscattering cross section in accordance with the adjusted sound speeds and the measured equipment parameters described in Table I 
IV. EMPIRICAL CHECKS
The design of the optimal calibration sphere was subsequently tested by several independent, absolute measurements of the backscattering cross sections of specimen copper spheres of the described size. Results of the several measurements described here, after necessary computation or identification of the respective energies of incident and echo waveforms, are presented in Table   C . Indirect measurements A large number of relative measurements have been performed both during the described experiments and during recent calibration cruises.
In these, the reference may be considered to be a sphere of unknown backscattering cross section. The results have been entirely consistent with theory and justify stating an accuracy for target strength differences approaching 0.01 dB.
V. RESULTS AND DISCUSSION
Absolute measurements of backscattering cross section of the optimal copper sphere are stated in Table  II Lest the present work be considered of theoretical interest only, it is noted that copper spheres are presently being used to calibrate echo sounders and echo integrators used on board fisheries research vessels.S• Although these devices operate at ultrasonic frequencies from about 30 to 150 kHz, theory indicates the value of optimal copper spheres for the precision calibration of all sorts of hydroacoustic equipment throughout most of the kilohertz frequency range.
